IV -alkynyl complexes [(L)An(C≡CR')2] (R' = SiMe 3 , Si i Pr 3 ). This ligand reprotonation from (L -2H ) 4-to (L)
:η 5 coordination mode to be the more stable in the Th/Ni bimetallics (and hypothetical Pt analogues), an observation rationalised by detailed analysis of the Kohn-Sham orbital structure of the κ 1 :η 6 :κ 1 :η 6 and η 5 :η 5 conformers. Although remarkably inert to even high-pressures of CO 2 at room temperature, the bis(alkynyl) complexes [(L)An(C≡CSiMe 3 ) 2 ] completely cleave one CO bond of CO 2 when heated under a 1 bar pressure, resulting in the formation, and elimination from the metal, of a new, CO-inserted, bicyclic, carbonylated macrocycle with complete control over the C-C and C-N bond forming reactions.
INTRODUCTION
Organometallic f-block alkyl complexes show exciting reactivity in C-H bond activation. 1 Examples include the uranium(III) mediated formation of both "tuck-in" and "tuck-over" products from intra-and inter-molecular pentamethylcyclopentadienyl (Cp*) C-H bond activation, [2] [3] [4] C-H activation of typically inert carbocycles induced by steric crowding, 5 or the addition of C-H bonds across fblock metal imido and nitrido bonds. [6] [7] [8] [9] [10] This is important because C-H bond activation is a key step in the synthesis of a range of desirable organic products. In spite of the many successful examples of d-block hydrocarbon C-H bond activation, there are no reports of an economically viable, homogeneous, catalysed process. [11] [12] Thorium(IV) and uranium(IV) coordination complexes have been studied for the last 60 years, 13 showing not only some interesting C-H bond reactivity, for example the intramolecular C-H bond activation of the methyl group on bis(permethylcyclopentadienyl) (Cp*) by the transient terminal uranium(IV) nitride complex [Cp*2U(N)(N(SiMe3)2)], 14 but also some interesting differences between Th IV and U IV complexes that would not have been predicted a priori. 15 For example, the activation of sp 3 hybridised bonds by [(Cp*)2Th(R)2] (R = Me, CH2Ph) in 2,6-lutidine N-oxide, does not take place with the uranium analogue of this system. 16 The vast majority of studies of actinide alkyl reactivity have been carried out on complexes supported by the bisCp* ligand system, with the general formula [(Cp*)2AnR2] (R = hydrocarbyl). [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We recently reported the synthesis of new trans-calix [2] benzene [2] pyrrolide (L) 2-complexes of U III , Th IV (A in Scheme 1) and U IV (B). 29 The bis(pyrrolide)-containing macrocycle (L) 2- However, L has a greater flexibility and range of binding modes than that available to the [(Cp*) 2 AnR 2 ] complexes, including the facile conversion between η 5 -and ĸ 1 -pyrrolide coordination, the ability to incorporate cations in the cavity between the arene rings of the macrocycle (bis(arene) pocket), and the ability to bind the arene in the macrocycle as an η 1 -aryl group, through further ligand deprotonation. Accordingly, we have studied the alkylation chemistry of these An IV complexes A and B, and report herein the synthesis and reactivity of the first thorium(IV) and uranium(IV) alkyl and alkynyl complexes supported by the non-innocent macrocyclic (L) 2- , including rare examples of bis(arene) sandwich coordination of a thorium ion, the first structurally characterised thorium alkynyl complexes, and an unusual reversibility of the thorium-aryl -thorium-arene bonding with a ligand that enables new hydrocarbon functional group interconversion at the actinide centre. Furthermore, the isolation of new bimetallic complexes of the form [(L)Th(C≡CSiMe3)2·Ni(PR''3)] (R'' = phenyl, cyclohexyl) gives insight into unprecedented changes in macrocyclic ligand coordination between κ 1 :η 6 :κ 1 :η 6 and η
5
:η 5 coordination modes. The latter mode is found by DFT calculations to be significantly more stable than the former in these bimetallic complexes, and analysis of the Kohn-Sham orbital structure provides a pleasing rationalisation of this energetic preference.
RESULTS AND DISCUSSION

Synthesis of [M(L -2H
)An(R)]. The syntheses of the chlorido-thorium complexes A and iodo-uranium complex B were reported previously, using a salt-metathesis strategy (Scheme 1). 29 Using an analogous procedure, orange crystalline [(L)UCl 2 ] (1) (see SI Fig. S1 for molecular structure) is also accessible from UCl 4 (thf) 0.75 and potassium salt K2(L) in 74% yield after work-up (see SI for solid-state structure). Characterisation of 1 by NMR spectroscopy and X-ray crystallography shows that 1 is isomorphous with A and B. With the aim of synthesising Th IV and U IV alkyl complexes, A and 1 were treated with three equivalents of MR (M = K for R = CH 2 Ph, M = Li for R = Me, CH 2 SiMe 3 ) in THF or toluene at ambient temperature over 18 hours (Scheme 2). Following work-up to remove MX and HR, the product [M(L -2H )An(R)] was isolated arising from double aryl metallation to form the tetradentate (L -2H ) 4 -ligand, and coordination of a single alkyl ligand, with the alkali-metal counter-cation residing in the bis(arene) pocket. It is important to note the addition of two equivalents of MR to A or 1 results in analogous reactivity to that described in Scheme 2 with unreacted A or 1 remaining. (6) in 65% yield, CH 2 Ph (7) in 46% yield). To our knowledge, complexes 2-7 are the first pyrrolic-macrocycle supported alkyl complexes of the actinides.
The 1 H NMR spectra of 2-7 show that the macrocyclic ligand in the new complexes retains the C2v symmetry observed for A and B, where the methyl groups on the endo and exo faces of the macrocycle are represented by two singlets of equal integration. The ligand aryl deprotonation is characterised by the disappearance of the ipso-proton resonances in the 1 H NMR spectra of 2-7 and the dramatic increase in the ipso-carbon chemical shift in the 13 
C{
1
H} NMR spectra from 121.6 ppm in A to 217.6, 213.6 and 215.8 ppm in 2, 3 and 4 respectively. In complexes 5-7, the resonances are paramagnetically shifted and broadened due the U IV f 2 ion. Single crystals suitable for X-ray diffraction studies were grown by vapour diffusion of hexane into saturated THF solutions of 2, 3, 4 and 6 at ambient temperature.
The molecular structures of 2 ( Figure 1 ) and 4·THF (Figure 2 (SiMe 3 ) 2 )] (C), previously reported by us. 29 In 2, the lithium counter-cation occupies the cavity between the arene rings of the macrocycle. This motif is similar to that of 4·THF, where the potassium counter-ion is additionally coordinated to a THF molecule and the benzyl group of the adjacent complex. Although complexes 3 and 6 are synthesised using the procedure described in Scheme 2, X-ray quality crystals could not be obtained. Subsequent addition of one equivalent of LiCl to 3 and 6 facilitates saltbridged dimerization and the growth of X-ray quality crystals of 3·LiCl and 6·LiCl·THF (see SI Fig. S2 and S3 for molecular structures). The Ct1-An-Ct2 (Ct = centroid) in the molecular structures of 2, 3·LiCl, 4·THF and 6·LiCl·THF are 172.26°, 168.48°, 170.16° and 172.03°, respectively; this is larger than that observed for A (163.60°) and 1 (164.97°). The C9-An-C29 angles are altered from A (120.50°) and 1 (120.88°) to 129.9(4)°, 120.95(14)°, 115.4(6)° and 124.33(12)° in 2, 3·LiCl, 4·THF and 6·LiCl·THF, respectively. These data indicate the flexibility of the macrocyclic ligand framework given varying sizes of both M + and the R substituents. The Th1-C1 bond length in 2 is 2.65(2) Å, which is longer than that reported for Th IV -Me bond average (2.53 Å) in metallocene-like complexes. 16, 18, 27, [30] [31] [32] [33] [34] [35] [36] The An-C1 bond lengths in 3·LiCl, average 2.532(5) Å, 4·THF, average 2. (11) in 44%, 54%, 50% and 50% yield, respectively. The addition of an excess of HC≡CR' does not alter the outcomes or yields of these reactions.
The C 2v symmetry in 8-11 is retained. The aryl ipso-proton resonances are observed in the 1 H NMR spectra and in the 13 
C{
1 H} NMR spectra and are shifted from 217.6 ppm in 2 to 123.9 and 123.7 ppm in 8 and 9, respectively. Pale yellow single crystals of 8 and 9 were isolated from saturated benzene solutions. The synthesis of 8 and 9 was also attempted from 3, however the reactive by-product LiCH 2 SiMe 3 has a very similar solubility to 8 and 9, preventing the isolation of pure material.
The molecular structures of 8, 9 and 11 ( Figure 3 and SI Fig. S4 and S5 for 9, and 11) display bidentate η 5 :η 5 binding, analogous to that of A. The Ct1-An-Ct2 angles in 8, 9 and 11 are 169.49°, 169.43° and 170.44°, respectively; larger than in A (163.60°) and 1 (164.97°). This subtle change in geometry is likely to be the result of the smaller covalent radius of carbon compared to that of chloride. 48 Although reactivity involving Th IV alkynyl complexes has been invoked, [49] [50] [51] to the best of our knowledge 8 and 9 are the first crystallographically characterised thorium alkynyl complexes. A few uranium(IV) alkynyl complexes have been reported to date; 18, 52-57 metallocene-like systems reported in the literature display similar U IV -alkynyl bond lengths to the U1-C1/C3 average distance in 11, 2.408(9) Å. :κ 1 coordination to the Th IV cation thus forming a bis(arene) sandwich complex. Thorium arene interactions are rare, with only a few examples reported in the literature. 39, [59] [60] [61] [62] This binding mode of (L) 2- has previously been observed for U III Multinuclear NMR spectroscopic analysis suggests that 12 and 13 are analogues, however X-ray quality single crystals of 12 could not be obtained and the coordination mode of (L) 2-in 12 could not be determined. 
39, 59, 62
A decrease of the Th1-N3 bond from 2.375(12) Å in C, 29 to 2.276(5) Å in 13 is observed, a decrease which is likely to result from the cationic nature of 13. The Th1-N1 distance in 13 is also shorter than other Th IV -N(SiMe3)2 literature bonds. 61, [66] [67] [68] [69] The 2 ] and methane elimination. 53 A survey of metallocene-like Th IV and U IV complexes shows that the bond dissociation energies of An-alkyl bonds are generally lower than those of An-aryl bonds. 25, [71] [72] [73] Interestingly, Marks showed that the U-alkynyl bond dissociation enthalpy in the complex [Cp′′ 3 U(C≡CPh)] (Cp′′ = η 5 -C 5 H 4 SiMe 3 ) is nearly twice that of U-Me in the analogous methyl complex [Cp′′3U(Me)], however Marks did not make a direct comparison with U-aryl bond enthalpies. 73 We have shown that An-arene bonds in complexes 2 or 5 can be reprotonated to give (L) 2-by the alkynes HC≡CR′ (R′ = SiMe 3 , Si i Pr 3 ) (pKa of acetylenes in DMSO: ∼28) 74 or the weak acid [Et3NH][BPh4] (pKa in DMSO: 9). 58 These findings suggest that the formation of 8-11 is in part driven by the formation of the stronger An-alkynyl bond. The synthesis of 12-13 is likely driven by the acidity of
Reactivity of 2-13 Towards Small Molecules.
Actinide complexes have been shown to effect unique small molecule transformations relative to d-block metals. 75 Complexes 2-7 contain three actinide-carbon σ-bonds. The additions of small molecules such as CO, CO 2 or t BuNC with the aim of An-C bond insertion have been carried out to understand if selective insertion processes might be useful for ligand functionalisation prior to the selective reprotonation; the reactions are summarised in Scheme 5. Addition of CO or CO2 to complexes 12 and 13 also results in indistinguishable mixtures of products. The reactivity of the An-C alkynyl bonds in complexes 8-11 was also investigated. These bonds are inert to CO 2 insertion at 10 bar and CO insertion and reaction with H2 at 2 bar. The stability of uranium(IV)-alkynyl bonds towards CO 2 insertion in metallocene-like complexes has previously been reported, where pressures of 5.5 bar were required to insert CO2 into an An-C bond. 55 It was found here, however, that heating either 8 or 9 in C 6 D 6 under 1 bar of CO 2 results in CO 2 cleavage through trans-calix [2] benzene [2] pyrrolide ligand functionalisation and elimination from the metal, the loss of one oxo atom, presumably to the Th centre (Scheme 6) resulting in the formation of a new, CO-inserted, bicyclic calix-pyrrole Me2C(m-C6H4)(HNC4H2)(CMe2)2(o-CO-m-C 6 H 4 )(NC 4 H 2 )CMe 2 , LCO (14) , in 70% crystalline yield (see SI Fig. S6 for X-ray structure of 14). It is proposed that transient Th IV -oxo complexes form as by-products that rapidly decompose yielding white insoluble solids. These Th IV byproducts could not be conclusively characterised; they have been drawn as Th IV -mono-oxo for simplicity, however it is likely that oxo-bridged dimers or clusters form instead. R' = SiMe 3 (8) , Si i Pr 3 (9) decomposition
suggested pathway Scheme 6. Proposed reaction path of ancillary ligand functionalisation and abstraction from the thorium-metal centres of complexes 8 or 9 to form LCO, 14.
Although the detailed mechanism of the formation of 14 has not been investigated, in the first step, shown in Scheme 6, CO 2 coordination to the metal centre is proposed, shown as intermediate i. The resulting steric crowding, in part due to the rigidity of the Th IV alkynyl bonds, may then facilitate a ligand hapticipty shift to pyrrolide κ ) were isolated from saturated hexane solutions in 7% and 18% crystalline, isolated yields, respectively. In the case of 9, no reaction occurrs. As an alternative crystallisation method for 15, hexane vapour was allowed to diffuse into a saturated THF solution of 15 yielding dark orange-red X-ray quality single crystals of [(L)Th(C≡CSiMe3)2(NiPCy3)], 15b, the molecular structure of which is shown in Figure 6 . Surprisingly, the two methods of crystallisation of 15 yield two different binding modes for L, shown in Figs 6 and 7. When crystallised from hexane the (L) 2-coordination mode is metallocene-like η :κ 1 :η 6 :κ 1 (15b), like 13. Although THF is found co-crystalised in the lattice of 15b, computational analysis, discussed below, suggests that this is unlikely to affect ligand coordination.
A survey of the available literature indicates that only two heterobimetallic complexes featuring thorium and nickel adjacent to each other have been reported to date, [78] [79] one of which is a Th IV bis-Cp* nickel phosphido complex [(Cp*) 2 Th(μ-PPh 2 ) 2 Ni(CO) 2 ] (Th-Ni distance: 3.206(2) Å), where the authors suggest that an interaction between nickel and thorium exists. 79 The Th1-Ni1 distances in complexes 15a (3.0559(7) Å), 15b (3.053 Å) and 16 (3.068 Å) are notably shorter than those reported in the literature, and on average approximately 0.25 Å shorter than the sum of the covalent radii of nickel and thorium. the IR stretching frequencies for these bonds are reported as 1780 and 1911 cm -1 for the titanium complex and 1771 and 1876 cm -1 for the zirconium complex. 77 These data differ from those for 16, where the observed IR stretching frequencies are 2120 and 2071 cm -1 , indicating that only one C≡C stretch is notably shifted from the stretching frequency of the starting material 8 (2140 cm -1 ) as a result of interactions with the Ni centre.
Complexes 15 and 16 are stable in the solid state for a number of weeks, although decompose in solution over several days. To further stabilise these complexes, attempts were made to increase the electron count around the nickel metal centre by using a bidentate four electron phosphine donor dppf (dppf = 1,1′-ferrocenediyl-bis(diphenylphosphine)). No reaction was observed between Ni(dppf)(COD) and 8, Scheme 8, which may be caused by the bulk of the dppf ligand hindering the coordination of nickel to the alkynyl groups of 8.
Reactions were carried out to target platinum analogues of 15 and 16, 15' and 16', using Pt(nb)3 (nb = norbornene). However, the reaction of 8 with Pt(nb) 3 in donor solvents such as THF resulted in the formation of a mixture of products (Scheme 8). The addition of donor molecules designed to stabilise the putative product such as PCy 3 or PPh 3 did not yield a clean product. In a similar manner to Ni(dppf)(COD) no reaction with Pt(dppf)(nb) was observed. 
Analysis of the flexibility of the macrocycle and alkynide binding.
A combination of variable temperature NMR spectroscopy and DFT computational studies was undertaken to interrogate the ligand flexibility and dynamic equilibria. Given the low isolated yields of 15, and that computational analysis (discussed in detail below) shows that the Gibbs free energy difference between 15 and 16 is negligible (3.4 kJ·mol -1 ), the variable temperature NMR spectral study of just 16 was undertaken.
The 1 H NMR spectra of 15 and 16 at 298 K correspond to a molecule with overall C 2v symmetry, indicating a symmetrical bis(alkynide) coordination on the NMR timescale in solution, but this is lowered to CS as solutions are cooled to 190 K. Figure 7 shows the two halves of L in the a (me- For comparison, the coalescence temperature for the process that renders the SiMe 3 groups equivalent in [(Cp)2Ti(C≡CSiMe3)2][NiPPh3] is just above 190 K. 77 The 1 H NMR spectra of the dichloride A show no dynamic processes; spectra in THF-d 8 are the same at 193 K and 298 K.
Computational Analysis of 15, 16 and Pt analogues.
In order to probe further the different conformations of the ancillary (L) 2-ligand in complexes 15 and 16, we turned to scalar relativistic, hybrid density functional theory. The hypothetical platinum analogues of these systems 15' and 16' have also been studied. The total SCF (E) and Gibbs (G) energies of the optimised geometries of the Th/Ni and Th/Pt systems are given in Tables S6 and S7 of the SI respectively, and the energy differences between the a (η Table 1 . The negative numbers in Table 1 show that in all cases the a form is the more stable, with a greater preference for this conformation in the PPh3 systems. 2+ fragments in the different L orientations. We assume that this is also the case for 16. That the energy differences between the a and b forms of both 15 and 16 are very similar for their Pt analogues, suggests the group 10 transition metal has little impact here, but the larger preference for the a conformation for the PPh3 systems hints at the R′′ group having a greater role.
To establish the origin of the energetic preference for the η 5 :η 5 bonding mode, we examined the valence Kohn-Sham molecular orbitals (MOs) of 15 and 16 to identify any with significant energy changes between the a and b conformations. Table S8 in the SI gives the energies of selected MOs for both compounds; the energies and isosurfaces for those of 15 are presented in Figure 8 . The MOs labelled in red feature Ni-alkynyl interactions with an in-phase combination of Ni d and alkynyl π orbitals, the latter also being in phase with one another. For 15b, there is only one such orbital (MO 266), which has only small contributions from the LTh fragment, whereas there are two MOs with this character in 15a (MOs 267 and 255). This splitting of the Ni-alkynyl character in two 15a MOs arises because in this conformation it is similar in energy to a Th-pyrrolide bonding MO, and this generates in phase and out of phase combinations (MOs 255 and 267, respectively). The former is significantly stabilised vs MO 266 of 15b, while the latter is destabilised, albeit to a lesser extent. The MOs labelled in green (MO 265) also feature Ni-alkynyl bonding, but this time the π-orbitals of the two alkynyl ligands are out of phase with each other. MO 265 is more stable in 15b than in 15a, and its character doesn't split from one conformation to the other. We attribute its destabilisation from b to a to a small admixture of L ring π-character. In 15b this comes from the arene rings while in 15a it is from the pyrrolides. In isolated (L) 2-fragments, these π MOs are 223.1 kJ mol -1 less stable in the pyrrolide rings, and so only a small admixture of this character into MO 265 will produce the 35.8 kJ mol -1 destabilisation from 15b to 15a.
Whilst recognising that there are many other MOs in these compounds, those shown in Figure 8 change by the largest amount between the a and b forms; hence the likely driver for the greater stability of the η The analogous MO diagram for 16 is shown in Figure 10 . The orbitals labelled in red display very similar behaviour to those of 15a and 15b in Figure 8 , as evidenced by their energy changes and isosurfaces (Fig. S13 of the SI) . The orbitals labelled in green, however, show different behaviour from those in 15a and 15b. For 16b there are now two Ni-alkynyl bonding interactions in which the alkynyl ligands are out of phase with each other (MOs 250 and 251) . This distribution over two MOs arises because these also feature contributions from π-orbitals on the Ph rings of the phosphine, character which obviously cannot be present in the saturated PCy 3 system. The character of 16b's MOs 250 and 251 is distributed amongst three MOs in 16a (245, 249 and 254). There is now only one MO with Ni-alkynyl character (MO 245 -still labelled in green). This is stabilised vs MOs 250 and 251 of 16b, and loses its contribution from the Ph rings. The latter character is now found in 16a MOs 249 and 254. These are labelled in black in Figure 9 to highlight that they have no Ni-alkynyl character, and are both destabilised vs MOs 250 and 251 of 16b.
As for compounds 15a and 15b, Figure 9 suggests that the driver for the greater stability of the η ) conformer is the more energetically favoured for both complexes 15 and 16. This is in agreement with low temperature NMR spectral studies on complex 16. We recalculated the energies presented in Table 1 for 15 and 16 in the presence of a continuum solvent of THF or hexane. These were found to differ from each other, and from the gas phase data in Table 1 , by no more than 2.2 kJ mol -1 for 15 and 1.6 kJ mol -1 for 16, showing that the a conformer remains the more stable in solution, in agreement with the NMR data for 16.
It therefore remains unclear how structural isomer b forms. 15b may be a minor product in the reaction mixture that is not resolved in the NMR spectrum. 15b could also be the result of a packing effect imparted by lattice solvent and formed over several days in a slow rearrangement. Perhaps fluxionality would be promoted at higher temperatures, however complexes 15 and 16 readily decompose in solution when heated, precluding high temperature NMR studies.
CONCLUSIONS
A series of new Th IV and U IV complexes supported by a trans-calix [2] benzene [2] pyrrolide ligand have been synthesised, enabling us to demonstrate the flexibility and range of binding modes available to this ligand system, which allows facile incorporation and abstraction of cations in the bis(arene) pocket. This ligand system has shown reversible C-H bond activation chemistry facilitated by its non-innocence and formed an excellent new route to new alkynyl complexes, and alkyl cations of Th ); the first instance of two structural isomers of (L) 2-in the same complex. No Th-Ni bond was sought in these ligandbridged complexes, although the Th-Ni distances are the shortest yet reported, and are significantly shorter than the summed covalent radii.
In reactions with CO2, the thorium bis(alkynyl) complex cleanly and quantitatively cleaves one CO bond of the small molecule, eventually releasing what is presumed to be thorium oxide, but showing a remarkably selective C-N and C-C bond formation in the insertion of the remaining CO atoms of CO 2 into the macrocycle.
DFT calculations show that the a (η 5 :η 5 ) bonding mode of the ancillary (L) 2-ligand is favoured, independent of the transition metal (Ni or Pt). Analysis of the Ni systems shows that this preference is due to favourable mixing of a Th-pyrrolide π-bonding orbital with a Ni-alkynyl interaction; this is worth over 70 kJ mol -1 in both 15 and 16. A more tentative orbital-based explanation for the slightly larger preference of the PPh 3 system for the a conformation focuses on the involvement of Ph π-orbitals in the Ni-alkynyl interaction, a mixing which cannot occur in the PCy 3 compounds.
EXPERIMENTAL SECTION
General Procedures and Techniques. Standard high-vacuum Schlenk-line techniques and Vac and MBraun glove boxes were used to manipulate and store air-and moisture-sensitive compounds under an atmosphere of dried and deoxygenated dinitrogen. All gases were supplied by BOC gases UK. All glassware was dried in an oven at 160 °C, cooled under 10 -3 mbar vacuum and then purged with nitrogen. Prior to use, all Fisherbrand ® 1.2 µm retention glass microfiber filters and cannulae were dried in an oven at 160 °C overnight and all Celite ® 545 filter aid was flame dried under vacuum. All solvents for use with air-and moisturesensitive compounds were stored in ampoules containing predried 4 Å molecular sieves from the Vac Atmospheres solvent tower drying system, where they had been passed over a column of molecular sieves for 24 hours prior to collection. They were then degassed prior to use and subsequent storage. The solvents benzene-d6, toluene-d8, THF-d8 and pyridine-d5 were heated under reflux over the appropriate drying agent for 24 hours, vacuum transferred into ampoules and stored under an atmosphere of nitrogen prior to use. All solvents were purchased from Sigma-Aldrich or Fisher Scientific. All NMR spectroscopic analyses were recorded at 298 K using Bruker Avance III 500.12 MHz spectrometers with 1 H NMR spectra run at 500.12 MHz, 13 C NMR spectra at 125.77 MHz, 7 Li NMR spectra run at 194. 41 MHz, 11 B NMR spectra at 160.49 MHz and 29 Si NMR spectra at 99.37 MHz. SiMe4, BF 3 ·(OEt 2 ) and LiCl were used to externally reference the relevant spectra. The [(L)UCl2] (1). A Teflon-valved ampoule with a magnetic stirrerbar was charged with UCl 4 (THF) 0.75 (0.601 g, 1.38 mmol) and K 2 L (0.730 g, 1.38 mmol). THF (40 ml) was added, and the reaction was then stirred and heated at 80 °C for 48 hours. The resulting dark orange solution was cannula-filtered to remove KCl and the vola-tiles were subsequently removed under reduces pressure. The solids were washed with hexane (3 x 10 ml) and dried under vacuum to yield 1 as an orange solid. Single crystals suitable for X-ray were grown by vapour diffusion of hexane into a saturated solution of 1 in THF at ambient temperature. Yield: 0.772 g (1.02 mmol), 74%. )Th(Me)] (2). A Teflon-valved ampoule with a magnetic stirrer-bar was charged with A (1.50 g, 2.00 mmol) and LiMe (3eq, 0.132 g, 6.00 mmol). THF was added (20 ml), the reaction sonicated for 15 minutes and stirred for 16 hours. The resulting yellow solution was cannula-filtered to remove LiCl. The volatiles were then removed under reduced pressure and the solids dried under vacuum to yield 2 as a pale yellow solid. Single crystals suitable for X-ray were grown by vapour diffusion of hexane into a saturated THF solution of 2 at ambient temperature. Yield: 1. )U(CH2Ph)] (7). A Teflon-valved ampoule with a magnetic stirrer-bar was charged with 1 (0.100 g, 0.132 mmol) and KCH 2 Ph (3eq, 0.052 g, 0.396 mmol). Toluene was added (20 ml) and the reaction sonicated for 15 minutes and stirred for 16 hours. The resulting dark brown solution was cannula-filtered to remove KCl and the volatiles were removed under reduced pressure. The solids were washed with hexane (3 x 5 ml) and then dried under vacuum to yield 7 as a dark orange solid. Yield: 0.050 g (0.061 mmol), 46 [
(L)Th(C≡CSiMe3)2] (8).
A Teflon-valved ampoule with a magnetic stirrer-bar was charged with 2 (1.00 g, 1.43 mmol) and HC≡CSiMe 3 (2eq, 0.280 g, 2.86 mmol). Hexane was added (30 ml) and the reaction was stirred for 3 hours. The hexane solution of 8 was filtered away from the solids, the volatiles were removed under reduced pressure and the solids were then dried under vacuum to yield 8 as yellow solid. Single crystals suitable for X-ray were grown from a saturated solution of benzene at ambient temperature. Yield: 0.544 g (0.622 mmol), 44%. Crystallographic Details. X-ray crystallography on compounds 1, 2, 3·LiCl, 4·THF, 6·LiCl·THF, 8, 9, 11 and 13-16 was completed using an Oxford Diffraction Excalibur Eos diffractometer with Mo Кα radiation at 170(2) K or an Agilent Technologies Supernova dual source Atlas diffractometer using a Cu Кα source at 120(10) K. All structures were solved using SHELXT and leastsquare refined using SHELXL in Olex2. [87] [88] Computational Methodology. Geometry optimisations, without symmetry constraints, were carried out using Kohn-Sham density functional theory in the Gaussian 09 code (revision D.01) 89 , using the PBE0 hybrid functional. 90 Dunning's correlation consistent polarised valence triple-ζ quality basis sets (cc-pVTZ) 91 were used for all light atoms (C, N, Si, and P) -except for hydrogen, for which the polarised valence double-ζ (cc-pVDZ) quality basis set 92 was used. A Stuttgart/Bonn quasi-relativistic 60 electron pseudopotential and associated valence basis sets was used for thorium. [93] [94] Fully-relativistic 10 and 60 electron Stuttgart/Bonn pseudopotentials and associated valence basis sets were used for nickel [95] [96] and platinum 97 respectively. The ultra-fine integration grid was used. Frequency calculations were used to determine if stationary points were true minima, and to obtain thermodynamic corrections to the self-consistent field (SCF) energies needed for the Gibbs energies. Default SCF and geometry convergence criteria were employed. For calculating the dipole moments in different solvent environments, the polarisable continuum model (PCM) devised by Tomasi, Pascual-Ahuir and coworkers, [98] [99] [100] [101] [102] [103] was employed to model the solvation effects on the dipole moment in 15 and 16 in both THF and hexane. The default solvent radius was used. Figures S1-S7 showing molecular structures of 1, 3⋅LiCl,  6⋅LiCl⋅THF, 9, 11, 14, and 16a . Tables S1-S5 giving crystal structure and refinement data. Tables S6-S8 showing additional computational data. Figures S8-S12 show NMR spectra for 2, 8 and 16. Figure S13 showing additional MOs of 16. List of geometry optimised xyz coordinates. The Supporting Information is available free of charge on the ACS Publications website.
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